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With the advent of high precision proton accelerators, such as COSY in Ju¨lich,
or with medium energy accelerators like RCNP at Osaka, it may become possible
to perform a direct study of the strangeness changing hadronic np → Λp process.
In this work we study this reaction using the one-meson-exchange weak potential
developed in Ref. 1 to describe the weak decay of hypernuclei. Both the initial np
and the final Λp states are distorted using realistic NN and Y N interactions. The
calculated cross sections are very sensitive to the different mesons included in the
weak transition, as well as to the strong Y N interaction model that generates the
distorted final state.
1 Formalism
The differential cross section per unit solid angle in the center-of-mass system
for the reaction pn→ pΛ is given by the expression
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with
√
s = E1+E2 = E3+E4 the total available energy in the center-of-mass
system and ~pI and ~pF the relative momenta of the particles in the initial and
final states respectively. In the distorted wave Born approximation the direct
term of the weak transition matrix elements, MFI , can be written as
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where V w(~r ) stands for the regularized weak potential 1, which contains the
exchange of pseudoscalar (π, η,K) and vector (ρ, ω,K∗) mesons. The distorted
wave functions, Ψ
(−)
ΛN and Ψ
(+)
NN
, are generated from the Lippmann-Schwinger
equation using the Nijmegen 93 2 or Bonn B 3 strong NN potentials and the
Nijmegen soft-core 4 or Ju¨lich 5 strong Y N ones.
Figure 1: Total cross sections for the reaction pn → pΛ as a function of the proton lab
momentum using the weak one-pion-exchange potential. Dashed line: calculation omitting
form factors and strong correlations; thin solid line: including form factors and NN initial
correlations; thick solid line: including form factors and both NN and ΛN distortions.
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2 Results
Fig. (1) illustrates the effects of the strong NN and ΛN interactions (for the
Nijmegen potentials) on the cross sections, depicted as functions of the proton
lab momentum (plab) and when only the one-pion-exchange (OPE) mechanism
is considered in the weak transition. When form factors and strong distorsions
are omitted (“free”) the cross section is an increasing function of plab. The
effect of the strong repulsive part of the NN interaction for this range of
momenta is to reduce the cross section by a factor of about 2, and is visualized
by the thin solid line. A substantial enhancement of the cross section in the
2
low momentum region is observed when including ΛN distorsions, due to the
attractive component of the Y N potential in this region of momenta. As plab
increases the repulsive core of the Y N interaction starts having an influence
in reducing the wave function at short distances, giving rise, as a consequence,
to smaller cross sections. The opening of the ΣN channel, coupled to the ΛN
one through the strong interaction, shows up as a step in the cross section at
a proton lab momentum around 1140 MeV/c.
Figure 2: Total cross sections for the reaction pn → pΛ as a function of the proton lab
momentum. The strong distortions are generated with (a) the NN Nijmegen 93 and Y N
Nijmegen Soft Core models (b) by the NN Bonn B and Y N Ju¨lich A. Dashed line: pi-
exchange only; thin solid line: pi + ρ; thick solid line: full set of mesons.
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The effect of adding the different mesons in the weak transition potential
is visualized in Fig. (2). The differences in the cross sections depicted in
Figs. (2a) and (2b) have to be understood as coming from the different Y N
interaction models used in the calculation, since we have checked that, in the
absence of pΛ distortions, the cross sections calculated with the scattered pn
waves, obtained from either the Nijmegen 93 or the Bonn B potentials, give
practically the same results. In Fig. (2b) we can see that already at the level
of only pion-exchange the Ju¨lich A model shows a clear enhancement close to
the pΣ threshold.
An explanation for the differences observed between Figs. (2a) and (2b)
can be traced by analyzing Fig. (3), where we have plotted the cross sections
obtained by removing the 3S1 →3 S1 component of the distorted pΛ wave func-
3
tion (dashed lines), the 3D1 →3 D1 one (long-dashed lines) and all the L = 0
Λp partial waves for both potentials (thin solid lines). The stronger 3S1−3D1
channel of the Ju¨lich interaction, relative to the Nijmegen one, is the reason
for the much more enhanced cross section at the NΣ threshold. Suppressing
the 1S0 partial waves affects the cross sections negligibly and cannot be seen
in Figs. (3a) and (3b).
Figure 3: Different partial wave contributions to the cross section for the pn → pΛ reaction.
Only the pion is considered in the weak transition potential. The NN and ΛN distorted
waves are generated with (a) the Nijmegen models and (b) the Bonn B and Ju¨lich A models
respectively.
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